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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a shaft material 
for a torque sensor with its hysteresis reduced close to 
zero, and a torque sensor using the same. 
SOLUTION: This shaft material for a torque sensor 
contains 0.30 to 1.50% C. 0.1 to 4.0% Si, 0.1 to 4.0% Mn, 
more than 5.0-20.0% Cr, each mass%, and the balance 
substantially Fe. Its structure is mainly composed of 
ferromagnetic martensite, the amount of nonmagnetic 
r sidual austenite contained in the structure is 5.0 to 
40.0%, and its residual magnetic flux density Br is 0.6 T 
(teslas) or less. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect 
the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

[Claim(s)] 

[Claim 1] Axial material for torque sensors characterized by a residual magnetic flux 
density being below 0.6T (tesla) while the amount of retained austenites which the 
remainder consists of Fe substantially 20.0% or less exceeding C:0.30 - 1.50%, 
Si:0.1-4.0%, Mn:0.1-4.0%, and Cr:5.0% by mass %, and is contained during an 
organization in the organization of a martensite subject is 5.0 - 40.0%. 
[Claim 2] Furthermore, axial material for torque sensors according to claim 1 
characterized by containing one or more sorts (nickel:0. 1-5.0%, aluminum:0. 1-4.0%, 
Co:0.1-4.0%, and Mo:0.1-4.0%). 

[Claim 3] Axial material for torque sensors according to claim 1 or 2 characterized by 
the Rockwell hardness being 45 or more HRCs. 

[Claim 4] The torque sensor which uses the axial material for torque sensors given in 
any of a claim 1 or a claim 3 they are. 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the torque 
sensor which uses the quality of the material and the quality of the material of a 
measured shaft among the magnetostriction formula torque sensors used in order to 
detect magnetically the torque added to a measured shaft. 
[0002] 

[Description of the Prior Art] Conventionally, in the field of the magnetostriction 
formula torque sensor, magnetic steel is used as a measured shaft and the technique of 
detecting the elastic torque concerning a measured shaft magnetically is used using the 
magnetostrictive effect which magnetic steel has. Drawing 1 shows the 
output-characteristics view of a torque sensor. The property of a torque sensor is 
estimated inclination S (it is hereafter described as sensitivity.) of the output voltage to 
elastic torque (input signal) by the gap h from the initial value of the output voltage 
after removing elastic torque (it is hereafter described as a hysteresis.). A torque-sensor 
property becomes the outstanding thing, so that sensitivity (S of drawing 1 ) is large and 
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a hysteresis (h of drawing 1 ) is small. Since a mechanical strength is required with 
magnetism, structural steels, such as SK material of JIS, SCN material, and SNCM 
material, are conventionally used for such a measured shaft of a torque sensor in many 
cases. These structural steels have the magnetostrictive effect which Fe has, and since 
it is cheap, they are used by preference. However, since a magnetostriction was small 
and the hysteresis was [ sensitivity was small and ] also large, there was a problem that 
exact torque detection could not be performed. 

[0003] In order to solve an above-mentioned problem, many examination is performed 
about the material development for measured shafts from the former. For example, the 
technology which uses the material to which either or both less than [ Si:1.0% ], less 
than [ Mn:2.0% ] and less than [ nickel:5.0% ], and not more than Cr:5.0% are contained 
in JP,2 132909,B C:0.1 to 0.5% by mass %, and the remainder becomes it from 
composition of Fe and an unescapable impurity as axial material of a torque sensor is 
indicated. Moreover, the technology which uses the material which it considers as the 
composition which improved the material of JP,2132909,B further, and aluminum:0 is 
exceeded 3.0% or less, either or both 3.0% or less and less than [ nickel:5.0% ], and not 
more than Cr:5.0% are contained by exceeding Mn:0 C:0.1 - 1.5% and Si:0.5-4.0%, and 
the remainder becomes from composition of Fe and an unescapable impurity as axial 
material of a torque sensor is indicated by JP,2697846,B. such technology is the 
material technology excellent in the point of sensitivity being larger than JISSK 
material, SCN material, SNCM material, etc., and adjusting the alloy content taking 
advantage of the feature of each alloying element so that a hysteresis may become small 
while securing the intensity of material, and hardness by addition of an alloy element 
[0004] Moreover, to JP,2132587,B, a magnetostriction is large and the technology in 
which intensity uses a high maraging steel as axial material of a magnetostriction 
formula torque sensor is indicated. This technology is the technology excellent in the 
point that the sensitivity of a torque sensor is raised and the intensity of material and 
hardness can be further secured with precipitation-strengthening elements, such as 
martensitic structure of a maraging steel, aluminum, and Ti, when a magnetostriction 
pays its attention to a large Fe-nickel system alloy. 
[0005] 

[Problem(s) to be Solved by the Invention] According to examination of this invention 
persons, in that the sensitivity of a torque sensor is raised by improving the magnetism 
of torque-sensor shaft material, and a magnetostriction, JP,2132909,B mentioned above, 
JP,2697846,B, and the technology currently further indicated by JP,2132587,B have the 
problem that a hysteresis cannot be made small near the zero, although it is 
advantageous. For the reason, there was a problem in respect of the zero point stability 
of a measured shaft. The purpose of this invention is offering the torque sensor using 
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the axial material for torque sensors which solved the above-mentioned problem and 

reduced the hysteresis even near the zero, and its axial material. 

[0006] 

[Means for Solving the Problem] This invention persons investigated the influence of 
the material factor exerted on a hysteresis from the magnetic properties of axial 
material, and a viewpoint of a metal texture about the problem of the hysteresis of the 
axial material for torque sensors mentioned above. Consequently, it found out that a 
hysteresis decreased by making the residual magnetic flux density of axial material 
below into 0.6T (tesla). furthermore, after filling the mechanical strength required of 
the axial material for torque sensors, in order to satisfy above-mentioned magnetic 
properties In the matrix (base) which is ferromagnetism and made martensite with high 
intensity the subject as a metal texture of axial material It found out that it was 
effective to leave the nonmagnetic retained austenite adjusted in the predetermined 
range, and this invention was reached as a result of also considering the optimal 
material composition for satisfying these magnetic properties and metal textures. 
[0007] That is, while the amount of retained austenites which the remainder consists of 
Fe substantially 20.0% or less exceeding C:0.30 - 1.50%, Si:0.1-4.0%, Mn:0.1-4.0%, and 
Cr:5.0% by mass %, and contains this invention during an organization in the 
organization of a martensite subject is 5.0 - 40.0%, a residual magnetic flux density is 
the axial material for torque sensors below 0.6T (tesla). Preferably, it is the 
above-mentioned axial material for torque sensors which contains one or more sorts 
(nickel:0. 1-5.0%, aluminum:0. 1-4.0%, Co:0. 1-4.0%, and Mo:0. 1-4.0%) further. **** 
whose Rockwell hardness is 45 or more HRCs preferably — it is which axial material for 
torque sensors Furthermore, this invention is a torque sensor which uses the axial 
material for torque sensors above-mentioned [ one of]. 
[0008] 

[Embodiments of the Invention] As mentioned above, in order to reduce the hysteresis of 
a torque sensor even near the zero, this invention adjusts the magnetic properties and 
the metal texture of the axial material for torque sensors to the predetermined range, 
and is to have found out the optimal material composition with which are satisfied of 
these. 

[0009] The reason which limited the content of essential element among the component 
elements of the axial material for torque sensors first is explained. 

C:0.30 - 1.50%C is an element required in order to secure the mechanical strength of 
axial material, and hardness. Moreover, in the metal texture of the axial material for 
torque sensors of this invention, it is an element required in order to obtain martensite 
and a retained austenite. however, at less than 0.30%, since toughness and 
plastic-working nature became bad when the effect exceeded 1.50% conversely small, it 
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considered as the above-mentioned range 

Si: 0.1 - 4.0%Si is an element which acts as a deoxidizer at the time of steel manufacture 
in 0.1 - 0.5% of composition range. Moreover, in 0.5 - 4.0% of range, there is an effect 
which raises the sensitivity to the stress of axial material. However, since toughness 
and plastic-working nature became bad when it exceeded 4.0%, it considered as the 
above-mentioned range. 

[0010] Mn: 0.1 - 4.0%Mn is an element which acts as a deoxidizer at the time of steel 
manufacture like Si. Moreover, it is an element effective when adjusting magnetic 
properties and the amount of retained austenites within the limits of this invention, 
however, at less than 0.1%, since processability came to be bad when the effect as a 
deoxidizer was also small and exceeded 4.0% conversely, it considered as the 
above-mentioned range 

Cr: It is an element important while Cr improves hardenability 20.0% or less and 
raising the hardness of the axial material for torque sensors of this invention exceeding 
5.0%, when adjusting magnetic properties and the amount of retained austenites within 
the limits of this invention. Moreover, it is an important element, in order to require 
corrosion resistance of the axial material of the torque sensor used as autoparts in many 
cases and to secure corrosion resistance to it. however, at 5.0% or less, since 
processability became bad when the effect of securing corrosion resistance was small 
and exceeded 20.0% again, it considered as the above-mentioned range 
[0011] In the axial material for torque sensors of this invention, in order to raise the 
sensitivity to stress, one or more sorts of nickel, aluminum, Co, and Mo can be added. 
Here, the composition range and the limited reason of these elements are explained, 
nickel: Since 0.1 - 5.0%nickel has the effect which enlarges a magnetostriction in Fe 
basis alloy, it is an element effective in raising the sensitivity to the stress of axial 
material. Moreover, it is an element effective when adjusting magnetic properties and 
the amount of retained austenites within the limits of this invention like Cr. however, at 
less than 0.1%, since the metal texture of axial material became that an effect is small 
and exceeds 5.0% conversely with the nonmagnetic austenite subject and sensitivity fell, 
it limited to the above-mentioned range 

aluminum: 0.1 - 4.0%aluminum is an element with the operation just like Si, and has 
the effect which raises the sensitivity to the stress of axial material, however, at less 
than 0.1%, since processability became bad when the effect was small, on the contrary 
exceeded 4.0%, it limited to the above-mentioned range 

[0012] Co: Since 0.1-4.0%Co has like nickel the operation which raises a 
magnetostriction, there is an effect which raises the sensitivity to the stress of axial 
material, however, at less than 0.1%, since processability became bad when the effect 
was small, on the contrary exceeded 4.0%, it limited to the abov -mentioned range 
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Mo: It is effective in Mo raising the sensitivity to the stress of axial material 0.1 to 4.0%. 
however, at less than 0.1%, since processability became bad when the effect exceeded 
4.0% conversely small, it considered as the above-mentioned range In this invention, 
selection addition of the one sort in nickel, aluminum, Co, and Mo which were 
mentioned above may be carried out, and compound addition or more of two of the sorts 
of these may be carried out. In addition, the axial material of this invention may contain 
0.1% each as an unescapable impurity as a range as for which P, S, and O do not 
degrade the sensitivity of axial material, and a hysteresis characteristic. 
[0013] The axial material for torque sensors of this invention has the small hysteresis of 
the output voltage to the input signal of a torque sensor. Especially the absolute value of 
a hysteresis is 0.5% or less. In order to acquire this small hysteresis, a residual 
magnetic flux density needs to be below 0.6T (tesla) as magnetic properties of axial 
material. The reason is explained below. The material which has a magnetostriction 
causes elastic deformation all over a magnetic field. The torque sensor uses the reverse 
phenomenon of a magnetostriction. That is, since the sensor section detects change of 
the permeability of the axial material generated by imposing elastic torque, it is 
possible by imposing external force (elastic torque) that axial material is magnetized. 
Here, this invention persons transposed the relation of the output voltage to the input 
signal (elastic torque) of a torque sensor shown in drawing 1 to the magnetization curve 
of the axial material shown in drawing 2 , and considered it. As mentioned above, by the 
axial material for torque sensors, external force (elastic torque) can be transposed to the 
external magnetic field at the time of magnetizing axial material, and can be considered, 
furthermore, after the hysteresis (gap from initial value) produced in the output voltage 
of a torque sensor magnetizes a ferromagnetic material, it is equivalent to the residual 
magnetic flux density Br at the time of returning an external magnetic field to zero - 
then, it can think From the above viewpoint, making small the residual magnetic flux 
density Br of axial material thought that it was effective when reducing the hysteresis 
of a torque sensor by this invention. Since a hysteresis will become large especially if 
this is exceeded, having made the residual magnetic flux density Br below into 0.6T 
(tesla) makes the residual magnetic flux density less than [ 0.6T ]. 

[0014] Next, the reason for having specified the metal texture of the axial material for 
torque sensors is explained. The magnetic properties not more than residual magnetic 
flux density 0.6T are required of this invention shaft material as mentioned above. 
Although there are a ferrite, martensite, an austenite, etc. in the organization of a 
ferrous material, it is a ferromagnetic rganization, and in order to satisfy a mechanical 
strength required for the axial material for torque sensors, and hardness, a matrix 
(base) organization needs to make martensite a subject. However, if the matrix (base) is 
a ferromagnetic martensite 100% organization, a magnetization curve will serve as a 
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property which is easy to be saturated to a magnetic field, and a residual magnetic flux 
density will become high in connection with it. This leads to hysteresis increase of axial 
material. For this reason, by this invention, by considering as the organization which 
does specified quantity content of the nonmagnetic retained austenite into 
ferromagnetic martensitic structure prescribed the amount of retained austenites to 5.0 
- 40.0% of range based on the new knowledge that the degree of 
residual-magnetic-induction dense, as a result hysteresis of axial material can be 
reduced, this reason is that nonmagnetic organizations will increase in number too 
much, and the sensitivity which is axial material will fall at less than 5.0% if the effect 
of reducing the above-mentioned degree of residual-magnetic-induction dense, as a 
result an above-mentioned hysteresis is small and exceeds 40.0% conversely 
[0015] As for the axial material for torque sensors of this invention, it is desirable that 
they are 45 or more HRCs in the Rockwell hardness. This hardness is hardness 
indispensable as intensity of the structure. Desirable hardness is 50 or more HRCs. 
Since the axial material for torque sensors of this invention shows the outstanding 
hysteresis, it is the quality of the material which is especially easy to use as a torque 
sensor, then a magnetostriction formula torque-sensor use using the axial material for 
torque sensors of this invention. 
[0016] 

[Example] In especially this invention, composition and magnetic properties of the axial 
material for torque sensors, and the amount of retained austenites are important, and 
important also for hardness. 21 sorts of steel ingots which have various composition 
were produced by the vacuum melting furnace. The chemical composition of experiment 
material is shown in Table 1. 
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[0017] 
[Table 1] 
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[0018] Composition of each material of Table 1 is explained. No.1-3 are the composition 
which fluctuated C and Cr within the limits of this invention. The composition whose 
No.4-19 reduced C on the basis of composition of No.3, respectively (No.4-5), They are 
the composition (No.6-7) which increased the quantity of Si, the composition (No.8-10) 
which added nickel, the composition (No.11-13) which added aluminum, the composition 
(No. 14-16) which added Co, and the composition (No. 17-19) which increased the 
quantity of Mo. Each No.1-19 is composition of this invention. No.20-21 are composition 
of the example of comparison. No.20 are an alloy which considers F -4%nickel-0.35%C 
as basic composition by mass %, and this is contained in composition of the axial 
material for torque sensors indicated by JP,2132909,B. Moreover, No.21 are a maraging 
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steel which considers Fe-18%nickel-9.2%Co-0.1%aluminum-0.5%Ti as basic composition 
by mass %, and are equivalent to the axial quality of the material of the torque sensor 
indicated by JP,2132587,B. 

[0019] After soaking the obtained steel ingot at 1220 degrees C, hot forging was carried 
out at 1100 degrees C, and the round bar with a diameter of 22mm was obtained. Next, 
after cooling to 600 degrees C with the cooling rate of 20 degrees C/h after 4h 
maintenance in a 870-degree C furnace, it cooled to the room temperature in the 
furnace. A material becomes soft by this annealing processing, and plastic working in 
the case of actually producing a torque-sensor shaft becomes possible. In this example, 
three sorts of following test pieces were extracted from this material as a sample for 
evaluation of a material property. 

a) Round bar : a diameter [ of 10mm ] x length of 80mm (ends screw processing) 

b) Board : board thickness lmmx width-of-face 8mmx length lOOmmc Disk: The 7mm x 
diameter [ of 22mm ] above-mentioned [ of board thickness ] a round bar is a test piece 
for measuring the sensitivity and the hysteresis which are a torque-sensor property. 
The above-mentioned b board is a piece of magnetic measurement, and the 
above-mentioned c disk is a piece of measurement for measuring the amount of retained 
austenites, and hardness. 

[0020] Each material heat-treated the test piece of Above a-c on the conditions which 
become the hardest. The magnetic properties of each material measured the residual 
magnetic flux density Br after impressing the direct-current magnetic field of 40,000 
A/m to the board sample of Above b. Moreover, the amount of retained austenites of 
each material was measured according to the X diffraction using the disk of Above c. 
Moreover, hardness was measured with the Rockwell hardness meter. 
[0021] The test piece of Above a was used as the technique of evaluating the 
torque-sensor property of the produced material in simple, and this example estimated 
using the tension tester and the LCR meter. Hereafter, the evaluation method is 
described. First, the air-core coil (20mm of coil lengths) of the shape of a cylinder with a 
bore of 10mm was produced as a search coil for magnetic detection. Coil number of turns 
were made into 100 times. This search coil was put on the test piece of Above a, the ends 
of a test piece were connected to the tension tester, and the ends of a search coil were 
connected to the LCR meter. A setup of an LCR meter was made into the frequency of 
80kHz, and the current value of 8mA. The magnetic field impressed to the test piece is 
56.6 A/m. 

[0022] The initial value L0 of the inductance before applying tensile stress in this state 
was measured by the LCR meter. Next, tensile stress was applied within the elastic 
limit of a material, and the value (at the time of L load) of the inductance when carrying 
out the load of the stress was measured. Then, unloading of the tensile stress was 
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carried out and the value (at the time of L unloading) of the inductance when returning 
to stress zero was measured. The value of tensile stress was gradually raised within the 
elastic limit of a material, it went, and the above-mentioned measurement was repeated. 
As an example of measurement, the inductance-stress property of material No.4 of this 
invention is shown in drawing 3 . Moreover, the inductance-stress property of material 
No.20 is shown in drawing 4 as an example of comparison. Drawing 3 -4 show that the 
inductance at the time of unloading (O mark of drawing 4 ) shifts from initial value, and 
goes by material No.20 of the example of comparison with the increase in stress to the 
inductance at the time of unloading (O mark of drawing 3 ) being stable near the initial 
value in material No.4 of this invention. 

[0023] The following formula (1) estimated the sensitivity S when impressing tensile 
stress sigma [MPa]. 

S=(at time of L load - L0)/sigma [muH/MPa] - (1) 

Moreover, after impressing tensile stress sigma [MPa], the following formula (2) 
estimated the hysteresis h when carrying out unloading. 
h=100x (at the time of L unloading - L0) / L0 [%] - (2) 

After applying sensitivity [ of each material at the time of applying the heat treatment 
conditions of each material, and the stress of magnetic properties, the amount of 
retained austenites, the Rockwell hardness, and 250MPa(s) ] S [muH/MPa], and the 
stress of 250MPa, hysteresis [ of each material when carrying out unloading of the 
stress ] h [%] is collectively shown in Table 2. 
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[0024] 
[Table 2] 
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[0025] In this invention, it is supposed as an outstanding index of a hysteresis that the 
absolute value of a hysteresis is 0.50% or less. If the absolute value of a hysteresis is 
0.50% or less, it can be judged that the zero stability of the shaft measured 
[ torque-sensor ] is good, and there is no trouble when performing torque detection. The 
absolute value of a hysteresis is satisfied [ with No. 1-19 which are the axial material for 
torque sensors of this invention ] of 0.50% or less of property, and can judge ach in 
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them that the stability of the zero point is excellent as torque-sensor shaft material. On 
the other hand, in No.20-21 of the example of comparison, the absolute value of a 
hysteresis exceeds 0.50% and is large to about 1%. 

[0026] If the residual magnetic flux density and the amount of retained austenites of 
each axial material are seen here, each will be satisfied [ with No. 1-19 of this invention ] 
of the range of less than [ residual magnetic flux density 0.6T ] and the 5.0 - 40.0% of the 
amounts of retained austenites. On the other hand, in No.20-21 of the example of 
comparison, a residual magnetic flux density exceeds 0.6T, and the amount of retained 
austenites has become less than 5%. Moreover, in No. 1-19 of this invention, each has 
the hardness of 45 or more HRCs in the Rockwell hardness, this example shows that the 
hysteresis which was excellent as torque-sensor shaft material by adjusting composition 
of a material, a residual magnetic flux density, and the amount of retained austenites 
within the limits of this invention is acquired. It is clear that torque-sensor shaft 
material's of this invention it can be used as a torque sensor which has the outstanding 
zero point stability. 
[0027] 

[Effect of the Invention] According to this invention, the hysteresis of a torque sensor 
can be reduced by leaps and bounds by adjusting composition of torque-sensor shaft 
material, a residual magnetic flux density, and the amount of retained austenites 
within the limits of predetermined, this invention is the technology which cannot be 
lacked in realizing the torque sensor excellent in zero point stability. 

[Brief Description of the Drawings] 

[Drawing 1] It is the output-characteristics view of a torque sensor. 

[Drawing 2] It is the ** type view of the magnetization curve of torque-sensor shaft 

material. 

[Drawing 3] It is drawing showing the inductance-stress property of the axial material 
for torque sensors of this invention. 

[Drawing 4] It is drawing showing the inductance-stress property of the example of 
comparison. 
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[Drawing 3] 
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